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In t roduct ion  
The purpose of t h i s  research program was to. 
i n v e s t i g a t e  a new process  f o r  t e s t i n g  columbium-1% 
zirconium and s i m i l a r  a l l o y s  heated t o  1000° C. The 
process  involves  t h e  u s e  of a c o n t r o l l e d ,  f lowing, high 
p u r i t y  gas a t  a subatmospheric p re s su re  t o  provide work 
space w i t h  a d e s i r e d  environment ( R e f . 1 ) .  The p u r i t y  of 
t h e  environment i s  determined by t h e  contaminant p a r t i a l  
p ressure .  By opera t ing  the system a t  a reduced p res su re ,  
t h e  contaminant p a r t i a l  p ressure  i s  reduced by t h e  same 
amount. T h e  gas  v e l o c i t y  i s  a l s o  important.  T h e  h igher  
t h e  q u a n t i t y  of gas  flowing, t h e  f a s t e r  the  contaminants 
w i l l  be swept away from t h e  work space and the  more 
d i f f i c u l t  it w i l l  be  for  impur i t i e s  t o  flow upstream t o  
t h e  work. T h e  h ighes t  p u r i t y  environment w i l l  be obtained 
by making a proper  choice of p re s su re  and gas  v e l o c i t y  i n  
t h e  sample region. The advantage of t h i s  process  over 
former techniques is the  a b i l i t y  t o  achieve wide ranges 
of impurity p re s su res  a t  a m i n i m u m  of gas  f l o w  and equipment 
c o s t .  
Phase I of t h i s  con t r ac t  involved t h e  development of t h e  
b a s i c  process  by mathematical techniques f o r  using t h e  i n e r t  gas  
purge process .  I t  a l s o  involved an experimental  v e r i f i c a t i o n  
of t h e  gas  f l u s h  process  t o  s imula te  vacuum condi t ions  of 
t o  t o r r .  However, a t  t h e  completion of Phase I 
more work remained t o  make t h e  process  s u i t a b l e  f o r  t h e  
t e s t i n g  of r e f r a c t o r y  a l loys .  Reference  1 desc r ibes  t h e  
work performed i n  Phase I. 
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I f  one w e r e  t o  use hard vacuum f o r  a tes t  environment, 
then  vacuum condi t ions  of 
necessary by NASA t o  perform long term tests of t h e s e  
m a t e r i a l s  a t  high temperatures.  Two major improvements 
of t h e  program w e r e  i nves t iga t ed  by Phase I1 ( R e f .  2) of 
t h e  program. An increase i n  t h e  s e n s i t i v i t y  of d e t e c t i o n  of 
i m p u r i t i e s  w a s  needed. I n  add i t ion ,  a gas  c leaning  system 
was requi red  t o  ob ta in  the  low impuri ty  l e v e l s  f o r  t h i s  
process .  Impurity concentrat ions i n  t h e  gas  stream between .001 
t o  1 ppm w e r e  required.  
t o  lo-' t o r r  w e r e  found 
During Phase I1 of t h i s  program a s p e c i a l l y  designed and 
f a b r i c a t e d  mass spectrometer was used t o  analyze the  high p u r i t y  
gas .  The previous mass spectrometer had a d e t e c t i o n  s e n s i t i v i t y  
of 1 t o  10 ppm; however, the  new machine extended t h i s  l i m i t  t o  
approximately 20 ppb. A l i m i t a t i o n  of t h e  a n a l y s i s  instrument 
was background pressure .  The c a p a b i l i t y  of d e t e c t i n g  .02 ppm 
requi red  a background pressure  of 2 x 10 t o r r  s i n c e  the  
maximum opera t ing  pressure of t he  spectrometer was 1 x 10 t o r r .  
T h i s  p a r t i a l  p ressure  could be obtained f o r  most c o n s t i t u e n t s .  
The background of the system was predominately hydrogen a t  a 
pressure of 1 x 10 -lo t o r r .  
t o t a l  p re s su re  of 1 x t o r r ,  l a r g e  q u a n t i t i e s  of carbon 
monoxide w e r e  seen, corresponding t o  20 t o  300 ppm. T h i s  i s  
discussed i n  a l a t e r  sec t ion .  
-12 
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W i t h  the  in t roduc t ion  of argon t o  a 
Phase I11 was proposed t o  d e t e r m i n e  t h e  process  c a p a b i l i t y  
i n  the t o  10'' t o r r  vacuum s imula t ion  range. This  would 
be demonstrated by exposing a series of columbium-1% zirconium 
samples t o  a 1000" C environment a t  an u l t r a  high p u r i t y  gas  
f l u s h  pressure  of 2 t o r r .  A system c o n s i s t i n g  of a gas  p u r i f i e r ,  
a furnace designed f o r  gas purge opera t ion ,  a vacuum system t o  
house t h i s  furnace,  and a s p e c i a l l y  designed gas  a n a l y s i s  
system w e r e  f ab r i ca t ed .  
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The Gas Purification System 
The schematic of the gas purification system is indicated 
on Figure 1. A liquid argon storage tank was used for the purge 
gas supply. 
ultra high purity. The regulator was not designed for the 
very low flows required by this test. For this reason an 
argon ballast volume was inserted between the pressure 
regulator and the throttling valves, V2 and V3 to reduce pressure 
overshoot. In normal system operation valves V3 and V1 were 
closed, The gas boiled-off from the liquid argon through 
the pressure regulator and through V2, all at a pressure close 
to two atmospheres. The gas then passed through the molecular 
sieve sorbent which was cooled to dry ice temperature. 
Approximately seven pounds of 13X molecular sieve were used to 
trap water vapor, carbon dioxide and any other condensible 
gases. From this point, the gas traveled to the titanium 
getter. Approximately 1/2 pound of titanium sheet 
1" x 12" x .016", rolled into helices, was used and heated 
to a temperature of 1500' F for gettering nitrogen, oxygen 
and carbon dioxide. The argon was throttled at V4 from two 
atmospheres total pressure to two torr total pressure and 
introduced into the vacuum system. 
An all metal pressure regulator was used to maintain 
During the reactivate cycle, valves V2 and V4 were closed. 
V3 was opened. The boil off from the liquid argon was then 
throttled through V3 and used as a purge gas. 
1/2 torr, the argon passed V4 through the titanium getter 
assembly, which was at room temperature, to the molecular 
sieve sorbent container. V1 was fully opened and the gas 
traveled from the molecular sieve sorbent to the mechanical 
pump. During this time, the molecular sieve sorbent was heated 
At approximately 
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t o  approximately 300' C t o  remove any water vapor,  hydrocarbons 
or carbon d ioxide  adsorbed i n  t h e  previous runs.  Process  
s t a r t - u p  involved c los ing  V3 and V1, and opening V2.  The 
system would then come t o  two atmospheres p re s su re  of argon. 
A cons iderable  q u a n t i t y  of gas  would then be f lushed 
through V4, w h i l e  t h e  sorbent  was cooled and t h e  t i t an ium 
heated t o  e s t a b l i s h  t h e  previous high l e v e l s  of p u r i t y  
obtained wi th  t h i s  system. 
Furnace Desiqn 
Figure 2 i l l u s t r a t e s  schematical ly  a c r o s s  sec t ion  of the 
furnace and t h e  approximate phys ica l  l oca t ion  of a l l  components. 
The furnace design cons is ted  of a molybdenum s t r i p  h e a t e r ,  
f ab r i ca t ed  a t  A e r o  Vac: a c losed end qua r t z  d i f f u s i o n  tube ,  
a tantalum gas supply tube t h a t  a l s o  served a s  a sample suppor t ,  
and a series of r a d i a t i o n  s h i e l d s  surrounding the  hot  zone. 
A support  p l a t e  separated t h e  hot  zone from t h e  base  p l a t e  of 
t h e  vacuum chamber. A mechanical pump wi th  a speed of s i x  
l i ters  pe r  second a t  a pressure  of one t o r r  was used t o  maintain 
pressure i n  t h e  h o t  zone. 
sea led  r i n g  was used t o  sepa ra t e  t h e  purge p res su re  from 
atmospheric pressure .  Inexpensive s e a l i n g  techniques w e r e  
adequate and no s p e c i a l  precaut ions a t  u l t r a  high c- leanl iness  
w e r e  required.  The 1/2" x 1-3/4" x .050 columbium-1% 
zirconium samples w e r e  supported from t h e  gas  supply t u b e  and 
separa ted  wi th  1/8" tantalum spacers .  The gas  was introduced 
through t h e  tantalum tube i n t o  t h e  top  of t h e  qua r t z  t u b e  
and then proceeded t o  flow toward t h e  open end of t h e  tube ,  
down p a s t  t h e  support  p l a t e ,  p a s t  t h e  bottom r a d i a t i o n  s h i e l d s  
i n t o  t h e  vacuum pump. Greases,  small  amounts of leakage 
A g l a s s  b e l l  j a r  w i th  a rubber 
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and o the r  contaminant gas  sources  could be t o l e r a t e d  i n  t h e  
p re s su re  reg ion  i n  t h e  bel l  j a r ,  s i n c e  t h e  purge system 
blocked contaminants i n  t h i s  a r ea  from en te r ing  t h e  purge 
zone. 
Purqe Zone D e t a i l s  
The d i s t a n c e  from t h e  bottom of t h e  samples ’ to  t h e  end of 
t h e  quar tz  t ube ,  comprising t h e  d i f f u s i o n  zone of t he  tube ,  was 
s i x  inches.  The following design c h a r a c t e r i s t i c s  w e r e  used 
f o r  c a l c u l a t i n g  the  pressure  requi red  t o  ob ta in  a background 
impuri ty  l e v e l  of 3 x LO-’ t o r r  a s  s p e c i f i e d  by NASA. 
1. 
2. 
3 .  
4. 
5. 
System geometry was determined by the space requirements 
necessary for the samples, ins t rumenta t ion  and gas  
handling equipment. The sma l l e s t  diameter and a 
long d i f f u s i o n  t u b e  length  a r e  t h e  m o s t  d e s i r a b l e  
c h a r a c t e r i s t i c s  of t h e  system. A tube diameter 
1 . 7 5  inches and a d i f f u s i o n  tube length  of 6 inches  
was chosen f o r  t h e  experiment. 
An opera t ion  temperature of 1000° C was s p e c i f i e d  by 
NASA f o r  t h e  experiment. 
The outgassing r a t e  of t h e  system enclosure was 
n e g l i g i b l e  compared t o  t h e  gas  flow r a t e  through 
t h e  d i f f u s i o n  tube. 
The impuri ty  concentrat ion of t h e  purge gas  was 
assumed t o  be ppm. This  value was chosen 
a s  t h e  d e s i g n  goal of t h e  gas  p u r i f i c a t i o n  system. 
The impuri ty  p a r t i a l  p re s su re  a t  thE open end of 
t h e  d i f f u s i o n  tube was chosen a s  to r r .  T h i s  
p re s su re  l e v e l  w a s  determined by comparing t h e  
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estimated outgassing rate of the elastomers in 
the vacuum system to the system pumping speed. The 
largest available mechanical pump for the experiment 
had a speed, S, of 6 liter/sec. The system gas 
load was : 
q = qe L 
q = ou-gassing ra-e of the system 
= outgassing rate per linear inch of elastomer qe 
exposed to the system 
L = length of elastomer seal exposed to the 
system 
= 1 x 1 0  -6 torr-1iter at room temperature. qe sec-in 
At the system operating temperature, the elastomers 
were heated to 130 to 140’ F. This 10% increase 
in absolute temperature causes a 10 : 1 increase 
in outgassing rate. 
-5 torr-liter 
sec-in qe at 130° to 140’ F = 1 x 10 
-5 torr-liter a or 
6 P =  q e L = 1 x 1 0  sec-in 
S 
P is approximately 1 x torr 
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The techniques and equat ions given i n  t h e  mathematical 
t rea tment  of t h e  process  descr ibed i n  t h e  f i n a l  report of Phase I 
w e r e  used w i t h  t h e  above boundary condi t ions .  
p r e s s u r e  a t  t h e  sample of 2 t o  3 t o r r  was determined t o  be 
necessary  t o  o b t a i n  t h e  minimum i n p u r i t y  concent ra t ion .  
A t o t a l  ope ra t ing  
The molybdenum hea te r  was e l e c t r i c a l l y  i n s u l a t e d  f r o m  the  
r a d i a t i o n  s h i e l d s  by  p lac ing  another  qua r t z  tube  approximately 
2 1/2" diameter  around t h e  molybdenum h e a t e r .  The o u t e r  
q u a r t z  tube  a l s o  served a s  a support  fo r  t h e  molybdenum h e a t e r .  
G a s  Samplins System D e s i q n  
The e n t r y  p o r t  of t h e  g a s  sampling system w a s  located a t  
the  c e n t e r  of t h e  samples. I t  contained a tantalum 1/8" 
diameter  tube  loca ted  i n  the  furnace  region.  
t h e  furnace,  t he  tube  enlarged t o  3/8" O.D. and extended t o  t h e  
m a s s  spectrometer sampling valve.  A 1/3 cub ic  foot/minute 
mechanical pump w a s  used to  c a r r y  t h e  gases  p a s t  t h e  sampling t u b e  
t o  t h e  mass spectrometer  i n l e t  f o r  r ap id  t i m e  response.  
Immediately o u t s i d e  
The Mass Spectrometer Gas Analysis  System 
A schematic of t h e  gas a n a l y s i s  system is shown on Figure  3 .  
A d e t a i l e d  d e s c r i p t i o n  of t h e  system can be found i n  R e f .  2. I t  
cons i s t ed  of an u l t r a  high vacuum pumping system, u t i l i z i n g  t h e  
A e r o  Vac AT6 l i q u i d  n i t rogen  t r a p  and a f o u r  inch  NRC d i f f u s i o n  
pump, connected t o  t h e  mass spectrometer and evacuat ing  t h e  
complete a n a l y s i s  system downstream of the  g a s  i n l e t  va lve .  
The i o n i z i n g  source region w a s  pumped through a -007"  by 
3/8" s l i t ,  which separa ted  t h a t  region f r o m  t h e  ana lyz ing  p o r t i o n  
of t h e  m a s s  spectrometer .  Two electromagnets  w e r e  requi red :  one 
f o r  momentum f i l t e r i n g  and t h e  o t h e r  f o r  focusing.  The .007" s l i t s ,  
. 
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one a t  the source and t h e  o the r  between t h e  two s t a g e s ,  
def ined  t h e  r e so lu t ion .  The second s t a g e  c o l l e c t o r  s l i t  
was .020" and d i d  n o t  a f f e c t  the  r e so lu t ion .  The r ad ius  
of curva ture  of t h e  instrument was approximately 2". A 
gas  i n l e t  va lve ,  an ion iza t ion  gauge and a bypass va lve  
between t h e  mass spectrometer and t h e  pumping system w e r e  
provided a t  t h e  ion  source region. The bypass va lve  was 
no t  used i n  t he  f i n a l  experiment, b u t  w a s  used t o  eva lua te  
t h e  performance of t he  u l t r a  high vacuum pumping system. 
Gases flowed from t h e  furnace region p a s t  t he  gas  i n l e t  
va lve  i n t o  the  mechanical pump (mentioned p rev ious ly ) .  The 
g a s  i n l e t  va lve  w a s  adjusted t o  a p re s su re  of 1 x loe4 t o r r  
of argon a t  the ion iz ing  region of the mass spectrometer.  
The t o t a l  p re s su re  w a s  read wi th  t h e  ion  source i o n i z a t i o n  
gauge. A por t ion  of the gases w e r e  ion ized  and acce le ra t ed  
towards t h e  a n a l y s i s  port ion of t h e  mass spectrometer.  The 
un-ionized gases  randomly passed through t h e  .007" s l i t  and 
even tua l ly  en tered  t h e  d i f f u s i o n  pumping system. The i o n s  
w e r e  focused i n  t h e  f i r s t  s t a g e  magnetic f i e l d .  The i o n s  
then passed from t h e  f i r s t  s t a g e  t o  t h e  second s t a g e  where 
t h e  a d d i t i o n a l  momentum f i l t e r  separated ou t  t h e  spurious 
background scat ter ing s i g n a l s  caused by t h e  high p res su re  
of argon. An e l e c t r o n  m u l t i p l i e r  was used f o r  d e t e c t i o n  
of t h e  extremely small  s i g n a l s  of t h e  contaminated gas  mass 
peaks. Normal opera t ion  of t h e  m a s s  spectrometer cons is ted  
of removing t h e  magnets and baking a t  400° C overnight  t o  
remove any hydrocarbons, adsorbed water  and provide a gene ra l  
c leaning  f o r  t h e  system. T h i s  was then followed by t h e  
in t roduc t ion  of the high p u r i t y  argon. Alignment of t he  
magnets was accomplished using an osc i l l o scope  and monitoring 
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t h e  argon 40 peak. The magnets w e r e  ad jus ted  f o r  maximum 
s e n s i t i v i t y  f o r  t h e  argon peak. A t y p i c a l  s e n s i t i v i t y  of 
t h e  tube was approximately .1 amps output  from t h e  e l e c t r o n  
m u l t i p l i e r  f o r  every t o r r  of pressure .  
Experiment Operation 
Sample exposure w a s  s t a r t e d  a f t e r  t he  mass spectrometer 
d a t a  had v e r i f i e d  t h a t  high p u r i t y  gas  was p re sen t  i n  t h e  
furnace.  Three samples were supported on t h e  tantalum 
support  tube.  The furnace was then  placed over t h e  zone and 
t h e  system pumped down. The gas  flow w a s  ad jus ted  t o  g ive  a 
t o t a l  p re s su re  of two t o r r  i n  t h e  b e l l  j a r ,  us ing  t h e  t h r o t t l e  
va lve  on t h e  gas  p u r i f i c a t i o n  system. The sampling valve t o  
t h e  mass spectrometer was then ad jus ted  t o  a t o t a l  p re s su re  
of approximately 1 x 
10 x 
t o r r  and s p e c t r a  were taken a t  
-12 amps f u l l  
10 x lo-*, 10 x 10 -lo and 10 x 10 
scale s e n s i t i v i t y .  
w e r e  compared t o  t h e  b a s i c  argon s i g n a l .  
P a r t i a l  p re s su res  of a l l  o t h e r  gases  
When a l l  systems were opera t ing  s a t i s f a c t o r i l y ,  t h e  
furnace  temperature was r a i sed  t o  800' F f o r  an overnight  
bake. See Figure 4 f o r  a t y p i c a l  t ime-temperature p r o f i l e .  
This  was done t o  remove any adsorbed gases ,  such a s  water  
vapor,  carbon dioxide or hydrocarbons, from t h e  system. The  
bake was a t  a low enough temperature t o  prevent  g e t t e r i n g  
of t he  gases  by the columbium-zirconium a l l o y ,  b u t  
s u f f i c i e n t l y  high t o  remove t h e  gases .  The next  morning 
t h e  same four  se t  of spec t r a  w e r e  taken and the  furnace 
temperature was r a i s e d  t o  1000" C. B y  t h e  end of t h e  day, t h e  
furnace temperature had equ i l ib ra t ed  and fou r  a d d i t i o n a l  s p e c t r a  
w e r e  taken. Four spec t r a  w e r e  taken d a i l y  dur ing  t h e  t es t  t o  
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a s s u r e  t h a t  t h e  gas  environment was a s  desired.  A t  t h e  end 
of  t h e  prescr ibed  t i m e ,  the  furnace was s h u t  o f f ,  and allowed 
t o  cool f o r  a t  least  1 6  hours t o  prevent  ox ida t ion  of  t h e  samples 
when exposed t o  t h e  atmosphere. 
Resul t s  
The gas a n a l y s i s  da t a  a r e  presented i n  Tables 1, 2 and 3 .  
The sample s i z e  and respec t ive  weights be fo re  exposure t o  t h e  
high temperature environment a r e  included i n  t h e  t a b l e s .  The 
gas a n a l y s i s  revealed approximately 20 t o  100 ppm carbon monoxide. 
A small  amount of ethane i n  the order  of 1/2 ppm and some hydrogen 
w a s  de tec ted  i n  the  background of t he  system. Approximately .2 
t o  .5 ppm of water was de tec ted  i n  the 20 hour run. I n  t h e  120  
hour and 1000 hour runs,  l e s s  than  .08 ( the  minimum d e t e c t a b l e  
l e v e l )  was found. A t  times t h e  d a t a  ind ica ted  krypton a t  l e v e l s  
c l o s e  t o  1 ppm. 
throughout t h e  20 hour run. The 1 2 0  hour run ind ica t ed  10 ppm 
carbon d ioxide ,  u n t i l  t h e  system was operated a t  1000° C. 
t h i s  p o i n t ,  t h e  carbon dioxide s i g n a l  decreased t o  less than 1 ppm. 
Approximately 10 ppm carbon dioxide w a s  seen 
A t  
Data i s  not  p re sen t ly  a v a i l a b l e  t o  de te rmine  contamination 
r a t e  of samples s i n c e  the program was stopped, a t  t he  reques t  
of NASA, be fo re  any ana lys i s  took p lace .  
Discussion of Resul t s  
The gas  a n a l y s i s  da ta  ind ica t ed  higher  contaminant 
concent ra t ions  than was expected t o  r e s u l t  from the  p u r i f i c a t i o n  
system. 
methane, and water vapor,  b u t  r e l a t i v e l y  l a r g e  amounts of carbon 
d ioxide  and carbon monoxide. I n  l a t e r  runs ,  t he  water vapor and 
carbon d ioxide  w e r e  reduced t o  below t h e  d e t e c t a b l e  l i m i t .  T h e  
The i n i t i a l ,  2 0  hour run ind ica ted  a small  amount of 
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i a t t e r  two gases  had a source somewhere i n  t h e  in te rconnec t ing  
tub ing ,  o r  t he  furnace assembly i t s e l f .  A f t e r  t h e  i n i t i a l  high 
temperature run,  both of these gases  disappeared. 
The high carbon monoxide l e v e l  i s  n o t  be l ieved  t o  have 
o r ig ina t ed  i n  t he  gas  stream o r  i n  t h e  furnace.  
of t h e  mass spectrometer ind ica ted  an equiva len t  carbon 
monoxide concent ra t ion  of less than 1 ppm, The add i t ion  of 
argon above t h e  system base p re s su re  caused an inc rease  i n  the 
carbon monoxide l eve l .  I t  i s  s t rong ly  suspected t h a t  t h i s  
gas  o r ig ina t ed  from t h e  wal l s  of t h e  spectrometer i on iz ing  
region being bombarded w i t h  p o s i t i v e  ions  o r  n e u t r a l  molecules 
of argon. 
The background 
The impuri ty  concentrat ion t h a t  was i n i t i a l l y  assumed t o  
determine t h e  system operat ing condi t ions  was n o t  r e a l i z e d  a s  
found wi th  t h e  gas  ana lys i s  da ta .  P a r t  of t h i s  reason i s  
be l ieved  t o  be due t o  source outgassing. The carbon dioxide 
and water vapor impur i t i e s  w e r e  predominately due t o  lack of 
s u f f i c i e n t  g e t t e r i n g  of the  gas  p u r i f i c a t i o n  system. T h e  
carbon monoxide was a t t r i b u t e d  t o  t h e  ion  source and was n o t  
considered t o  be r ep resen ta t ive  of t he  f l u s h  gas .  The source 
of t h e  methane, w h i c h  increased i n  concent ra t ion  during t h e  
t e s t ,  was n o t  determined. 
Conc l u  s ions  
T h e  subatmospheric i n e r t  gas  f l u s h  process  i s  a simple,  
inexpensive method of obtaining high p u r i t y  environments. The 
process  c o s t  i s  less than t h a t  assoc ia ted  w i t h  u l t r a  high 
vacuum systems, provided t h a t  the requi red  environment p u r i t y  i s  
compatible w i t h  t h e  ava i l ab le  gas  supply.  T h e  ins t rumenta t ion  
requi red  t o  monitor t h e  impurity l e v e l s  must a l s o  be ava i l ab le .  
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The purity obtained with an inert gas process system is superior 
to the atmospheric testing processes. 
for simulating vacuum environments to 5 x 10" to 5 x IO-* torr. 
To obtain further improvements in purity levels, re-quires 
gases with contaminant concentrations less than 1 - 10 ppm, 
which were obtained in the test. 
down to this level are commercially available. If gas 
purification systems are improved, the environmental 
simulation can be extended to 5 x lo-' torr. 
This process is useful 
At the present time, gases 
A report by the Pratt Whitney Aircraft Corp. entitled 
"High Temperature Refractory Alloy Testing in a Low Pressure 
Flowing Argon Environment" No. TIM-903 of the AEC Research and 
Development Report gives additional information. That group 
compared the inert gas flush process to a vacuum exposure and 
a static testing at atmospheric pressure. They have found that 
the static testing of the samples at one atmosphere of pressure 
gave the worst results. The inert gas flush process, giving 
intermediate results,and the vacuum process resulting in the 
least contamination of the three tests. This is in agreement 
with the results given in the final reports of Phase I and I1 
of this contract. 
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TABLE 1 - ANALYSIS OF GAS IMPURITY CONCENTRATIONS FOR 20 HOUR EXPOSURE 
Impuri ty  Concent ra t ions  (pp m ) 
Descr ip t ion  cH4 H2° -- co - - c02 D a t e  - 
I n i t i a l  Se tup  9/14/65 13  42 .43 .19 
Overnight degas a t  800' F 9/16/65 11 100 047 -13 
I n i t i a l  a t  ~ O O O '  c 9/16/65 7 24 -18 . 1 2  
Overnight a t  1000' C 9/17/65 1 2  100 -36 .1 
I n i t i a l  a t  800' F 9/15/65 13 10 03 .14 
Samples Exposed Weiqht of Sample before Exposure 
v1 5.99476 Grams 
v5 5.96841 Grams 
v10 6.07604 G r a m s  
Sample S ize  .490" x 1.75" x .051" 
-14- 
TABLE I1 - ANALYSIS OF GAS IMPURITY CONCENTRATIONS FOR 120 HOUR EXPOSURE 
Description 
Impurity Concentrations (pp m) 
c02 - H2° - CH4co 7 Date - 
Initial Setup 9/17/65 9 7 6  . 1 6  . 0 5  
After Degas at 800' F 9/20/65 - 26  - .06  
Controlling at 1000' c 9/21/65 - 100 - . 3 8  
9/22/65 - 87 - 3 . 9  
. _  
9/23/65 - 89 - 4 . 2  
End of Test 
9/23/65 - 94 - 5 
9/24/65 - 96 - 5 
Samples Exposed Weisht of Sample before Exposure 
V6 6 . 0 0 6 9  Grams 
v4 5 . 9 6 8 4 1  Grams 
v 7  6 .03846  Grams 
Sample Size . 490"  x 1 . 7 5 "  x .051"  
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TABLE 111 - ANALYSIS OF GAS IMPURITY CONCENTRATIONS FOR 1000 HOUR EXPOSURE 
Impur i ty  C o n c e n t r a t i o n s  ( p p  m) 
cH4 - H2° -co - - c02 D e s c r i p t i o n  D a t e  - 
I n i t i a l  Se tup  9/27/65 
C o n t r o l l i n g  a t  Full 9/29/65 
9/3 0 /6 5 
9/30/65 
T e m p e r a t u r e  
10/1/65 
10/4/65 
10/5/65 
10/6/65 
10/7/65 
10/8/65 
10/11/65 
10/12/65 
10/18/65 
11/2/65 
11/8/65 
11/9/65 
- 89 
- 93 
- 78 
- 86 
- 75 
- l o o +  
- loo+ 
- 100 
T - 
- 99 
- 96 
- 94 
- 120 
- 150 
- 120 
Power f a i l u r e  
- 
3.5 
3.2 
2.8 
7 
8 
18 
11 
3 
5.8 
8.0 
5.5 
5 
6.2 
3.8 
t e s t  
Samples E x p o s e d  
v3 
V8 
v9 
Weiqht of Sample before E x p o s u r e  
6.02176 G r a m s  
5.98550 G r a m s  
6.08521 G r a m s  
Sample S ize  .490" x 1.75" x .051" 
. 
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